Nonlinear problem of finding of parameters of atmospheric pressure capacitive coupled radio-frequency discharge (CCRFD) between symmetric electrodes is considered in local approach. Electrons, nuclear and molecular ions, metastable atoms and dimer argon, and also atoms in the main state are considered in the model. Results of numerical calculations for the model problem are given.
Introduction
Plasma is effectively used in the field of nanotechnology, for creating and modify in nanostructures (e.g., for the treatment of materials in order to improve durability and reliability of machinery, creating a light and strong polymer composites, polyethylene plastics, nanopowders of metals and their composites etc.) [1, 2, 22, 23, 28, 29] . This paper is further work [27] where the model of interaction between CCRFD and a sample allowing to calculate characteristics of the discharge in an inter-electrode is given. The model [27] includes the convection -diffusions equations for electronic and ionic gas, Poisson equation for electric field potential, the equation of balance of metastable atoms and neutral atoms, and also stationary equation of heat conductivity of nuclear and ion gas. Dependence of characteristics of the discharge on the boundary conditions taking into consideration properties of a sample electrode is shown. The conclusion is drawn on need of inclusion in the kinetic scheme of molecular ions and dimer of argon.
A one-dimensional self-consistent model of an atmospheric pressure CCRFD in argon considering is presented in this paper. To numerical realization of this problem the approximate method is offered. The results of calculations for the model problem are given illustrating the process of discharge Note that in the papers [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] were also considered the statements of some nonlinear problems of mathematical physics and approximate methods of solving them.
Problem statement
One-dimensional self-consistent model of atmospheric pressure CCRFD at 13.56 MHz in argon is presented. The model of CCRFD between two parallel plates, one of which is grounded, and another is connected to RF generator is showed. Electric field in such discharges is close to potential and the discharge is uniform along electrodes. That allows constructing one-dimensional model. Estimates of electron energy dissipation time and electron energy relaxation length at atmospheric pressure show that local approach is possible to use in these conditions [21] . The following features of the CCRFD as existence of areas where the condition of quasi neutrality isn't carried out, and changing the enclosed tension, and also processes with participation of metastable atoms, molecular ions and dimer are considered in the model.
The processes in CCRFD describe by means of the following initial and boundary-value problems and Cauchy's problems.
1. Convection-diffusions equation for electronic gas: n is the density of argon dimers, γ is the coefficient Here Dm is a diffusion coefficient of metastable atom of argon. The boundary condition nm=0 is specified at x=0, x=b. , where a  is a heat conductivity coefficient of atomic-ionic gas, уп Q is energy getting by atoms at elastic collisions.
Kinetic equations for argon dimer
On electrodes the condition of heat exchange of plasma with the water cooling an electrode is specified
is a of sample full heat emission coefficient, в T is cooling water temperature.
Approximation of transport coefficients
Diffusion coefficient De, electron mobility  e, rates of direct ionization 1 R and metastable excitation 6 R , contribution of elastic collision into gas heating Qс and average energy 2 / 3 e kT   were approximated by BOLSIG+ software [19] taking into account dependence from electrical tense and electron-electron collisions. Here Te is the electron temperature. The diffusion coefficient of molecular ions D2+ is set by Einstein ratio
. Other coefficients were set in accordance with [15-18, 20, 26] .
Numerical method
The nonlinear system of boundary and initial-boundary problems is solved by finite difference approximate and iteration process. Densities of particles (such as molecular and atomic ions, electrons, dimmers, metastable atoms), electric field potential, and gas temperature are defined in grid points while electric field tension and fluxes are defined in "half" grid points. An implicit finite-difference approximation is constructed by integral-interpolation method [24] using the method of directional differences [25] . The linearization of the system is carried out by the method of Seidel type, and the numerical algorithm is based on the lowering the nonlinearity of incoming coefficients at the lower layer. Nonlinear quadratic terms in the right side were linearized by using Newton scheme [24] . The solution of the equation was carried out once during the period of oscillation of the electric field by the iterative method of Jacobi type. The finite difference schemes for the convection-diffusion equation of charged particles (electrons and ions), for the Poisson equation and for the balance equation of metastable atoms and gas temperature are given in [27] . 
where h is the spatial step. For solving the above problems and the problem for the argon dimer we use the Runge-Kutta method.
Numerical results
The results of solving of the model problem showed changes in gas composition in the process of development of the discharge. If at first are dominated the molecular ions at low gas temperature and the concentration of excited atoms and dimers are approximately equal then during heating the gas the decrease of concentrations of molecular ions and dimers with increasing of concentration of atomic ions and decreasing of concentration of dimers takes place (see Figure 1) . The concentration of molecular ions in the electrode layers is greater where the gas temperature is less (see Figure 2) . At the same time in the discharge a domain of conservation of quasi-neutrality exists. 
Conclusions
The paper presents a model of radio-frequency capacitive discharge, including the convection-diffusion equation for the electron and ion gases, Poisson equation for the potential of the electric field, the balance equation of metastable atoms and neutral atoms. In addition, the model includes a stationary heat equation of atomic ion gas, thе convection-diffusion equation for the molecular ion and kinetic equation for argon dimer. We describe a modification of the calculation method proposed in the paper [1] . The results of calculations for the model problem are given illustrating the process of discharge.
